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INTRODUCTION 

The  stjudy  of  nutrition  has  long  been  of  interest  and  still 
offers  men^''  unexplored  fields  for  research,  Aq  knowledge  of  chem- 
istry, physiology  and  other  sciences  increased,  however,  the  em- 
phasis was  pla.ced  on  different  phases  of  the  problem  and  tne  measur- 
ing unit  changed  continually.  Even  before  1780  there  were  many 
investigators  who  fert  a deep  interest  in  the  subject,  but  it  is 
now  conceded  that  the  originator  of  our  conception  of  life — and 
hence  nutrition — as  a chemical  process  was  Lavoisier.  His  renown 
brought  young  scientists  from  other  countries  into  his  sphere  of 
influence  and  it  is  undoubtedly  true  that  Voit,  and  through  him 
R{ibner,  Fischer  and  many  others  owed  their  initial  inspiration  to 
this  one  men.  His  influence  may  be  traced  directly  thru  most  of 
the  achievements  in  physiological  chemistry  in  the  nineteenth 
century. 

P.  C/LORIC  V/LUE  OF  FOODS. 

The  investigations  in  the  field  of  respiration  by  Carl 
von  Voit,  and  the  calorimeter  constructed  and  tested  by  him  and 
by  Pettenkofer  in  1866,  mark  the  beginning  of  an  interest  in  the 
heat  values  of  various  compounds,  for  the  body’s  use.  From  tnen 
on  until  the  beginning  of  the  twentieth  century  the  emphasis  came 
to  be  placed  more  and  more  on  the  caloric  requirement  of  the  body. 
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Rflbner’s  iaodynsoiiic  lew,  the  first  conception  of  which  ’A/as  due  to 
Voit,  was  formulated  in  1886.  This  law,  "that  foodstuffs  may 
under  given  conditions  replace  each  other  in  accordance  with  their 
heat-producing  value"  was  carefully  verified  in  l&Ol  when  the  val- 
ue of  4.1  large  calories  per  gram  of  protein  and  caroohydrate, 
and  9.3  per  gram  of  fat,  now  generally  accepted  were  restated. 
Perhaps  the  construction  of  the  ^twster-Rosa  calorimeter  and  its 
perfection  in  1897  may  be  taken  as  representing  the  highest  point 
in  the  development  of  the  study  of  the  caloric  value  of  foods. 

B.  PROXIMATE  COMPOSITION  OF  FOODS. 

During  the  latter  part  of  the  nineteenth  century  an  in- 
terest in  what  are  generally  termed  the  "proximate"  components  of 
food  had  been  developed  at  the  satie  time  as  that  which  saw  the 
caloric  determinations  being  made.  Comparatively  few  analyses 
of  foods  -were  made  before  1893,  but  the  exhibits  of  foods  from 
all  over  the  world  at  the  li^orld*  s Fair  suggested  an  -unusual  op- 
portunity for  procuring  samples  for  analysis.  The  work  of  analyz- 
ing these  samples  was  carried  on  by  the  Bureau  of  Chemistry  at 
Washington  and  by  Atwater  at  Middleto'^vn.  The  first  eaition  of 
Atwater's  "Chemical  Composition  of  American  Food  Materials"  in 
1886  was  a significant  contribution  to  food  analysis,  a contribu- 
tion made  more  valuable  by  its  revision  in  1906. 

C.  STANDARDS  ^OF  DIET. 

The  relation  of  the  proximate  constituents  of  a food  to 
metabolism  was  early  recognized.  The  much  discussed  protein  al- 
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lowance  of  Volt,  118  grama  per  day  for  a man  doing  a moderate 
amount  of  work,  remained  aa  the  atandard  for  a normal  diet  until 
Siven,  in  1901,  dlaoovered  the  poaaihility  of  lowering  the  Intake 
of  protein  to  about  one-fourth  that  amount.  In  1904  Chittenden 
aubatant iated  thia  poasibility,  aetting  the  protein  atandard  at 
40  grama  per  day  and  the  caloric  intake  at  2000,  a figure  much 
lower  than  had  previoualy  been  conaidered  necesaary.  The  caloric 
requirement  aa  given  by  other  inveatigatora  ia: 

Voit  3055  caloriea 

Rtoner  2868  caloriea 

Atwater  3400  caloriea 

All  the  figures  are  thoae  for  a man  of  average  weight  performing 

a moderate  amount  of  work.  The  question  is  still  open,  as  is  that 
of  protein  requirement,  but  many  workers,  Lusk  and  Atwater  for 
example,  consider  the  Chittenden  level  too  low. 

The  problem  of  the  effect  of  the  proximate  composition 
of  the  food  on  metabolism  developed  several  complex  phases.  A 
survey  of  the  literature  of  a decade  ago  shows  that  the  interest 
was  concentrated  on  at  least  two  phases;  the  fat  content  of  the 

diet  and  the  amino  acids  making  up  the  proteins.  As  both  lines 
of  research  formed  a background  to  the  later  investigations  of 
vitamines,  a brief  summary  of  these  subjects  seems  appropriate. 
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D.  THE  V/LIJE  OF  CERTAIN  AMINO  ACIDS. 

The  question  of  the  part  played  by  aitiino  aoida  in  nutri- 
tion is  one  concerning  which  there  has  been  much  investigation. 

Emil  Fischer's  discovery  of  the  amino  acids  and  his  analyses  of 

certain  proteins,  such  as  gelatine,  in  ISOS,  gave  an  impetus  to 

1-2 

other  investigators.  In  1911  Osborne  and  Mendel  showed  that 

there  was  a marked  difference  in  the  nutritive  power  of  certain 

proteins.  Casein  and  zein,  for  exar^ple,  gave  very  divergent 

effects,  when  each  was  used  as  the  sole  protein  in  a diet.  This 

inequal i tv  in  the  efficiency  of  the  proteins  was  early  shown  by 
b 

these  workers  to  lie  in  the  fact  that  some  contained  certain 
specific  amino  acids  essential  to  nutrition — tyrosine,  tryptophane 
and  o thers, —while  some  proteins  did  not  contain  these  amino  acids. 
It  was  in  the  study  of  the  amino  acids  that  our  conception  of  nu- 
trition was  enlarged  to  include  maintenance,  growth  and  reproduc- 
tion. The  requirements  of  protein  alone  for  these  three  phases 
of  nutrition  varied  greatly.  For  example,  tryptophane  was  able 
to  supplement  the  deficient  proteins  of  corn  for  a maintenance 
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of  body  weight,  but  the  inveetigatora  found  chat  in  orj.er  to  obtain 
growth  aa  well  as  maincenance,  lysine  must  be  included  in  the  pro- 
tein intake.^  Reproduction  will  not  be  discussed  in  this  place 
as  the  experimenta  to  be  described  did  not  include  than  phase  of 
nutrition.  P comparison  of  some  of  the  proteins  which  contain 
the  essential  amino  acids^  showed  that  a different  intake  was 
necessary  for  growth,  depending  on  the  proportions  of  the  essential 
amino  acids  present  in  the  proteins. 

The  experiments  by  xvhich  Osborne  and  liendel  established 
these  theories  were  carried  out' on  white  rats.  The  rats  were  fed 
a standard  diet  in  which  the  variable  factor  was  the  type  of  pro- 
tein used.  The  diets  in  each  case,  however,  were  supplemented 
with  "protein-free  milk"  which,  as  first  prepared,  contained  milk 
sugar,  inorganic  salts  and  "other  water-soluble  constituents  of 
milk".  i^ttention  is  called  in  one  of  the  Osborne  and  Menuej.  pa- 

pers'  to  the  fact  that  in  every  case  where  isolated  proteins,  ade- 
quate for  maintenance  were  used,  the  animax  was  kept  in  health  by 
the  use  of  "protein-free  milk",  while  with  a pure  salt  m.ixture  the 
annual  showed  signs  of  malnutrition.  In  the  light  of  more  recent 
knowledge  of  nutrition  it  is  plain  that  vitamines  were  supplied 
to  the  diet  with  the  "prote in-f ree  milk".  The  workers  recognized 
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that  some  auoh  substance  was  present  in  "protein-free  niik"8  ana 
in  later  experiments,  after  the  existence  of  vitamines  was  estac- 
lished,  a synthetic  salt  mixture  was  used  to  eliminate  compiica- 
■cions.  They  stated,^  however,  chat  the  presence  of  vitamines  in 
the  salt  mixcure  was  immaterial  in  determinations  of  protein  mini- 
ma and  similar  values. 

E.  THE  W^TER- SOLUBLE  VIT/MINES. 

The  occurrence  of  the  water-soluole  vitamine  in  "protein- 
free  milk"  by  no  means  marks  the  firsu  appearance  of  such  substanc- 
es as  complicacing  factors.  Beri-beri,  polyneuritis  and  scurvy 
are  among  the  more  commonly  recognized  deficiency  diseases  and 
the  literature  on  all  three  types  is  extensive.  For  ^/esrs  the 
deficiency  diseases  were  recognized,  while  the  explanations  of  the 

underlying  causes  were  numerous  and  far  from  being  in  agreement. 

. ..  10  . ’ . 

In  IbiO  Schaumann  induced  an  experimental  beri-beri  in  aogs  by 

feeding  them  meat  previously  boiled  wiuh  soda.  He  attributed  the 

disease  to  the  breaking  of  an  organic  phosphorus  linkage  in  the 

meat,  brougnt  about  by  tne  aikali.  Funk  isolated  a substance 

from  rice  polishings  which  would  cure  beri-beri  or  polyneuritis  in 
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bird3,  and  which  he  believed  to  oe  an  organic  base.  His  iLethod 
for  procuring  this  organic  base  involved  precipitation  with  phos- 
pho tungstic  acid.  In  this  manner  he  prepared  a substance  carrying 
the  vitamine  from  rice  polishings,  or  milk,  minimal  amounts  of 
which  cured  the  polyne'ur itio  pigeons.  Another  method  of  obtaining 
the  an tineurit ic  vitamine  in  combination  is  nhac  of  Seidell"^^  *vho 
found  that  it  was  adsorbed  almos c quantitatively  by  fuller's  earth. 
McCollum-^ used  dextrin  as  sn  adsorbent  medium  for  the  vitamine. 

The  literature  on  scurvy  can  only  be  couched  upon  in  this  paper, 
but  the  few  references  cited  above  go  co  prove  tnat  the  water-solu- 
ble vitamines  constitute  a fertile  field  for  research. 

F.  THE  PLACE  OF  FATS  IN  THE  DIET. 

Another  phase  of  nutrition,  the  study  of  which  yielded 
unexpected  results,  was  that  concerning  the  place  of  fats  in  Lhe 
diet.  Just  as  the  study  of  protein  and  its  importance  in  nutri- 
tion led  to  the  discovery  of  the  water-soluble  vitamines,  so  a 
study  of  the  role  played  by  fats  resulted  in  the  subsequent  dis- 
covery of  another  type  of  vitamine.  As  early  as  1S09  William 
IS 

Stepp  published  data  to  show  that  white  mice  were  able  to  live 
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on  a diet  of  milk~bread,  unless  the  ration  were  previously  extracted 

with  ether  and  alcohol.  He  believed  tnat  after  such  extraction 

failure  to  grow  and  subsequent  aeath  were  due  to  the  aosence  of 

"lipoids"  in  the  diet.  Since  there  seeiried  to  be  some  question 

as  to  whether  the  extracted  substances  were  lipoids  or  true  fats, 

17-18-ie 

Stepp's  further  work  was  undertaken  to  settle  this  point. 

He  was  able  to  show  that  fats  as  such  were  quite  dispensable.  On 
the  other  hand  if  the  lipoids  had  been  removed  by  extracting  the 
mixture  with  alcohol,  the  animals  died.  For  these  reasons  he 
believed  the  indispensable  factor  to  be  a lipoid.  That  true  fats 
are  entirely  dispensable  was  proved  also  by  Osborne  and  Mendel^^. 
Their  conclusions  disagreed,  however,  with  Stepp's  as  to  the  need 
of  lipoids  in  the  diet.  The  great  efficiency  which  they  found 
for  butter-fat  and  egg  yolk^^  was  in  marked  contrast  to  the  lack 
of  nutritive  properties  in  olive  oil  and  lard.  -Since  tne  latter 
substance  contains  more  cholesterol  and  lecithins  than  butter,  this 
investigation  seemed  to  show  that  the  presence  of  lipoids  in  tne 
diet  was  less  important  than  Stepp's  observation  would  lead  one  to 
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question  of  the  indispensable  nature  of  lipoids  in  the  diet.  Froci 
this  data  they  concluded  that  resumption  of  growth  after  failure 
to  grow  when  lipoids  were  absent  in  the  diet  was  due  either  to  the 
addition  of  certain  lipoids  or  cf  substances  carried  with  the  lip- 
oids. From  this  view  of  the  matter  it  was  a short  and  natural 
step  to  the  conception  of  the  so-called  ”f at-soluble  Lipoids 

alone  had  proved  incapable  of  supplementing  an  alcohol-extracted 
diet.  Some  substance  carried  with  the  lipoids  gave  definite,  bene- 
ficial results  when  used  writh  such  a diet,  aitho  the  cause  of  these 
results  was  not  known.  The  question  of  isolating  and  identifying 
this  substance  remained.  Because  of  the  one  characteristic  which 
was  then  recognized,  its  solubility  in  fats,  it  was  called  the  "fat- 
soluble  vitamine"  or  "fat-soluble  A". 

G.  SOURCES  OF  THE  FAT-SOLUBLE  VITAMINS. 

While  this  vitamine  was  called  "fat-soluble",  for  the 
above  reasons,  further  investigations  soon  showed  only  certain  of 
the  natural  fats  and  oils  as  sources  of  the  vitamine.  Osborne  and 
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eyes  and  debiiicaced  condi cions  which  always  rasuiced  frou:  a iack 

S7 

of  Che  fat-solubie  vicamine.  Oooorne  and  Mendel  also  found  'Chat 
this  vitanine  was  presenc  in  greacer  concen cracion  in  che  oil  frac- 
Cion  of  ohe  various  fa  cs  than  in  any  ocher  pare.  licCoilum  and 
Davis^®  showed  Chat  vegetable  fats  such  as  corn  oil,  and  che  fac 
in  che  wheat  embryo  were  as  capable  of  supplying  che  fat-soluble 
vicamine  as  che  animal  facs. 

It  seems  remarkable,  as  shown  even  in  so  brief  a review 
of  che  literacure,  chat  che  results  obtained  in  early  investiga- 
tions were  in  such  close  agreement.  /Itho  there  has  since  been 
some  discussion  as  to  che  identity  of  che  fat-solubxe  vicamine — 
discussed  later  in  relation  to  the  question  of  pigment  (page  14) — 
the  original  conception  of  its  functions  remains  substantially  as 
it  was  first  formulated. 

H.  TYPES  OF  VIT^MINES. 

Tne  many  experiments  of  recent  years  have  defined  quite 
sharply  the  functional  limitations  of  at  least  tnree  specific  vita- 
mines,  now  knc'wn  as  "f at-soliible  ”water-soluole  B”  — regarded 
by  some  investigators  as  identical  with  the  antineuritic  vicamine-- 
and  the  antiscorbutic  vicamine. 


27.  Osborne,  T.  B.  , and  Mendel,  L.  B.  : J.  Biol.  Cnem.  , li;lb,  30 , 

37S. 

28.  McCollum,  E.  V.,  and  Davis,  M. : J.  Biol.  Cnem.,  1S15,  179. 
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I.  CHEMIC/^L  NATURE  OF  VIT/MINES. 

Msny  invas tigationa  have  oeen  carried  on  by  Funk,  V/iiiiair.s 
Seidaii,  Staanbock  and  o where  to  de carmine  the  chemical  nature  of 
the  vitaminas.  It  has  proved  impossible,  up  to  the  presanc  time 
to  obtain  any  of  the  vitaminas  in  a pure  state,  and  for  that  reason 
the  chemical  structure  is  still  unknoY^n. 

J.  THE  IMPORTiiNCE  OF  V IT/ MINES. 

While  much  remains  to  be  discovered  concerning  vitamines, 
their  importance  in  nutrition  is  an  established  fact.  /Itho  it 
is  recognized  that  our  knowledge  of  proteins,  salts  and  calories 
must  be  increased  before  much  can  be  learned  of  the  vicamine  content 
of  a given  food,  the  interest  still  centers  on  the  latter  point. 
Because  of  the  rapid  and  efficacious  results  obtained  by  the  addi- 
tion of  vitamines  to  any  dietary,  particularly  that  of  a child,  it 
is  to  oe  hoped  that  further  work  will  soon  result  in  the  obtaining 
of  pure  vitamines. 


V 


.8^Hfl£A71V  ie  .rv 


|emaiX*iW  x£  ao  Ltfl^^MQ  fio^o'  &v«*i  eaoJbitfsitf  sQvnX' 


fl.iir  ©iiian?sf-e^  ad:6iuifto  tihi  ^ocdx:^W$ 


t ' * J 

biiia.}  :!  a69b7^  0^  qi/  , aXrfJij|6<iqaiX  't'OVOlq  aa£L  .•oalaisaXv 


jjoa3&a  . io>>.  X>na  /aJ%si?a  6ij:rq  jr  ,ii  a«wx|-;i*jUiv  erfJ-  1:o  xaJ^  oS 


Vj 


.awoufXnir  JXiJa  #i  QinsointH  lAotjs?dio 

1C  SC^KATfic4^  SHT  ,t 


l£ 


,e^Uatoaiv  jjftlnittjoiioo  erf  a^rXsajai  rf5i*« -aiidw 


, orfstXi*,  i>6«iaXido$«©  .^X  «ci;in:?jg4i  aX  fcoxta^tEoqoX  Tixferf#  ; 

#Q>*ju?ieo  Q;Ji^  *e«X6:o^^q^i  %o  la^^ivioai  i JbHStss^QO^a’i  «X 

. -ii"  V* 

'^A^ADO  miutMilv.  la  g^c  jsAc/  4cu«t  i>0.e«s>tpni.  sd‘  i&iJB 

ig'.  j^loq  no  j.XXtfa  ,Xtocl  ^ Ic  ^ 

‘-XixpA  tKiJ  ?frf  a.  iiieftif  jftioioAOilta  Xi/^  hiqez 

C.  ■ *‘'  , ■ , i'  ■'  ' 7 

»i  ,X)xX4o  2 to  i^isdp'  'tXxAXtfoX^^.j  ^>t'iSv  aii5  \Ji7fl  ,o?  lo  -iQi^r 


k ^ ^ ^AXaxAv^o'Q  ed^  qi  j jtoae  iliw  i'lQW  jerfrf  beqorf  sto'  o;  ei 


''  j:;  ' f 

■,,\'»<  .?  - /.-• 


'■■  A^  > ';>v  ^ 


O ■ rw 

* .-I 

. a tnziauiJ  X V ' to 


• f* 


kX'  % ; .■.  ;A 

%-.  w , ' - .'W 


’".Av  ^ 


■X  *■•  ^ 

• -f  ‘ 


5^  X ^ Xl-TS' 
'-vA’  ■" 


*.  . > ' I . ■ . 


V <„ 


:f- 


5- 


> ' 


-12- 


II. 

THE  sweet  pot/ to 

/.  RE/SONS  FOR  CHOOSING  THE  SWEET  POTATO. 

The  experimsHos  1:0  oe  described  in  xhia  paper  were  'onder- 
Laken  in  an  autempr  co  discover  t,he  adequacy  or  specific  deficiency 
of  rhe  nutritive  qualities  of  she  sweet  pots  to.  This  root  vjas 
chosen  for  a number  cf  reasons. 

1 . Wide  Use . 

The  sweet  potato  is  widely  'used  in  this  country.  It  is 
particularly  common  in  the  southern  and  central  districts  v/here  the 
cold  is  not  intense  enough  to  cause  the  freezing  of  the  potatoes. 

2.  Large  Annual  Production. 

The  annual  production  in  this  country  is  so  large  that 
the  sweet  potato  constitutes  an  important  staple  article  of  food. 

pQ 

In  lSi7-i87®  with  deductions  made  for  spoilage  and  other  loss,  the 
crop  was  estimated  at  something  over  fifty-eight  million  bushels. 

3 . Availability  as  a Substitute  for  Other  Starchy  Foods . 

The  large  production  cf  sweet  potatoes  in  this  co’untry 
ana  the  fact  that  the  sweet  potato  contains  so  large  a percentage 


2£.  Pearl,  R. 


”The  Nation's  Food”,  Philadelphia,  1920. 
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of  search  suggested  tha  possible  availability  of  che  sweet  potato 
as  a substitute  for  other  starchy  foods.  The  habit  of  substitu- 
tion, carried  over  from  war- time,  makes  this  a question  of  popular 
in  cerest . 

4 . Uncertainty  as  to  Digestibility . 

The  ease  of  digestibility  of  the  sweet  potato  has  long 
been  in  question,  though  there  has  been  little  proof  that  digestion 
was  retarded  by  its  presence  in  the  diet.  The  prevalence  of  this 
idea  was  one  of  the  important  reasons  for  the  use  of  the  sweet  po- 
tato in  these  experiments.  /Itho  it  does  not  always  follow  that 
the  physiological  reaction  of  the  rat  is  the  same  as  that  of  man, 
the  results  with  rats  are  in  general  applicable  to  man. 

B.  LITEH/'TIIRE. 

1 . Roots  and  Tubers . 

The  literature  contains  fev/  references  to  the  nutritive 
value  of  roots  and  tubers.  Pn  article  by  Denton  and  Kohman^^ 
discusses  the  carrot,  and  McCollumi,  Simnionds  and  Parsons^^  have 
worked  with  the  Irish  potato.  Except  for  these  papers  no  work 
7/as  published  on  this  type  of  vegetable  prior  to  the  time  the 
present  experiments  were  undertaken.  Since  that  time  Steenbock 


30.  Denton,  M.  C. , and  Kohman,  E.:  J.  Biol.  Chem. , 1S16,  . 

31.  McCollum,  E.  V.,  Simmonds,  N. , and  Parsons,  M. : J.  Biol.  Chem 
leiS,  197. 
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and  Gross  have  reported  in  some  detail  the  dietary  availability 
of  most  of  the  common  roots  and  tubers.  In  this  paper  they  have 
shown  that  the  peeled  and  dried  sweet  potato  is  available  in  amounts 
up  to  60^  of  the  diet. 


2.  "Fat- Soluble  A”  and  Plant  Pigments. 

Reference  has  already  been  made  co  the  discovery  of  the 
fa'D-soluble  vitamine.  Steenbock’s  theory^^  of  the  association  of 
this  vitamine  wii:h  plant  pigments  as  it  was  first  outlined  seemed 
convincing.  He  found  that  rats  fed  on  yellow  corn  as  the  sole 
source  of  "fat-soluble  A"  thrived,  while  those  fed  on  white  corn 
showed  all  the  ordinary  symptoms  usually  present  when  that  vitamine 
is  absent  from  the  diet.  Palmer, however,  has  shov/n  that  the 
fat-soluble  vitamine  is  certainly  not  idencioal  with  the  caret inoid% 
and  Steenbock^®  now  states  that,  altho  the  vitamine  has  been  asso- 
ciated with  pigment  in  various  cases,  "it  is  not  carotin".  The 
Palme r^^-Steenbock^°“^^  controversy,  which  has  arisen  since  the 
beginning  of  this  set  of  experiments,  lent  an  added  interest  to 
the  subject  in  hand  because  of  the  presence  of  considerable  pigment 
in  the  sweet  potato. 


32.  Steenbock, 

H., 

and  Gross, 

E.  G. : J.  Biol 

. Chem . , 

33.  Steenbock, 

H. : 

J.  Biol. 

Chem. , 1920,  41. 

81. 

34.  Palmer,  L. 

S. : 

Science, 

1919,  501. 

35.  Steenbock, 

H. : 

J.  Biol. 

Chem.,  1920,  41. 

xii. 

36.  Steenbock, 

H. : 

Science, 

1919,  352. 

1919,  40,  501. 
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C.  CHEMIC^^L  COMPOSITION  OF  THE  SWEET  POTATO. 

Mtho  the  nutritive  value  of  the  roots  and  tubers  had 
been  comparatively  neglected,  certain  facts  were  known  regarding 
their  composition.  The  average  composition  of  the  sweet  potato, 
as  given  by  Atwater  and  Bryant, is  as  follows: 


Water 

69.  > 

Prote in 

i.ef® 

Fat 

,7^ 

Total  Carbohydrates 

27.4^ 

Ash 

1,1^ 

A consideration  of  these  figures  showed  at  once  that  even  if  the 
quality  of  the  protein  should  prove  adequate,  the  amount  present 
in  the  sweet  potato  would  be  insufficient  for  growth.  The  mineral 
content  is  also  low,  and  it  seemed  reasonable  to  suppose  that  ad- 
ditions of  minerals  and  protein  would  be  necessary  in  a diet  of 
sweet  potatoes.  Nothing  was  kno?/n,  however,  of  the  vitamine  con- 
tent at  the  time  the  experiments  reported  in  this  paper  were  under- 
taken . 


37.  Atwater,  W.  0.,  and  Bryant,  A.  P. : Dept,  of  Agriculture, 

Office  of  Experiment  Stations,  Bulletin  28,  1906. 
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III. 

OBJECT  OF  EXPERIMENTS 

The  object  of  these  experiments  was  to  examine  the  nutri- 
tive properties  of  the  sweet  potato  in  respect  to  its  content  of 
protein,  minerals,  "fat-soluble  A"  and  "water-soluble  B",  and  to 
determine  the  physiological  effects  of  a diet  composed  largely  or 
wholly  of  sweet  potatoes. 
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IV. 

EXPERIMENT 

GENERAL  PROCEDURE. 

The  following  procedure  is  now  generally  accepted  as 
standard  in  estimating  the  nutritive  properties  of  foods.  The 
original  food  is  so  prepared  as  uo  furnish  a uniform  product  which 
has  not  lost  any  physiological  properties,  which  will  not  deterior- 
ate and  which  can  be  made  in  relatively  large  quantities.  Rapid 
drying  at  low  temperatures  is  perhaps  the  most  common  manner  of 
treating  vegetables,  as  this  effects  little  change  in  the  nutritive 
properties  and  the  dried  product  is  not  as  susceptible  to  spoilage 
as  the  original.  The  product  so  obtained  is  often  tested  against 
the  fresh  vegetable  to  see  if  the  nutritive  properties  have  been 
altered  in  the  process  of  preparation. 

B.  METHOD. 

Some  experimental  animal  is  used,  preferably  a small  one, 
as  the  equipment  for  caring  for  small  animals  is  not  expensive  and 
the  food  intake  is  relatively  small. 

In  general,  the  first  diet  is  one  consisting  solely  of 
the  food  under  consideration.  The  next  diet  consists  of  that  food 
with  the  addition  of  some  one  substance  which  insures  the  adequacy 
of  the  food  in  one  respect.  The  diets  are  made  more  and  more  com- 
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plex  until  all  possible  combinations  of  food  and  adjuncts  have  been 
tried.  A "complete"  protein,  a carbohydrate,  a salt  mixture  and 
substances  carrying  the  vitamines  comprise  the  usual  adjuncts. 

These  are  prepared  in  as  pure  a state  as  possible  and  special  pre- 
cautions are  taken  to  avoid  the  contamination  of  purified  proteins 
with  vitamines  or  inorganic  salts.  The  fat  content  of  the  diet 
is  not  considered  particularly  important,  as  the  calorific  require- 
ment may  be  made  up  with  carbohydrates.  Lard,  however,  is  often 
used  to  increase  the  caloric  value  and  also  to  bind  the  mixtures 
together. 

C.  METHOD  USED  IN  PRESENT  EXPERIMENT. 

For  the  present  work  the  albino  rat  was  taken  as  the  ex- 
perimental animal.  The  diets  fed  consisted  in  part  or  in  whole 
of  sweet  potato  which  had  been  dried  in  a current  of  air  in  a warm 
room.  Casein  as  the  supplemental  protein,  butter-fat  as  the  source 
of  fat-soluble-A,  dried  brewers'  yeast  as  the  source  of  water-solu- 
ble-B,  and  a synthetic  milk-salt  mixture  were  used  as  the  adjuncts. 
Since  distilled  water  made  a satisfactory  paste,  and  the  caloric 
value  of  the  food  was  relatively  high,  no  lard  was  used  in  the  mix- 
tures. Every  attempt  was  made  to  have  the  supplementary  substsuaces 
as  pure  as  possible. 

!•  Preparation  of  Supplementary  Substances. 

&•.  Casein; — The  casein  was  prepared  in  two  ways.  For 
part  of  the  experiment,  a modification  of  the  Van  Slyke,  Bosworth^® 


38.  Van  Slyke,  L.,  and  Eosworth,  G. ; J.  Biol.  Chem.,  1S13,  204. 
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method  was  used.  The  casein  was  precipitated  from  skim  milk  hy 
dilute  acetic  acid,  (6  c.c.  per  liter);  dissolved  in  dilute  NH4OH, 

(6  c.c,  per  liter),  and  filtered  thru  cotton.  The  process  was 
repeated  five  or  six  times.  /^fter  the  last  precipitation  the  ca- 
sein was  washed  with  distilled  water  until  free  from  chlorides,  and 
sucked  as  dry  as  possible  on  a Buchner  funnel.  It  was  then  tri- 
turated twice  with  95^  alcohol,  and  refluxed  for  twelve  hours  with 
absolute  alcohol.  The  alcohol  was  removed  by  suction,  and  the 
casein  pressed  between  sheets  of  filter  paper  and  dried  in  an  elec- 
tric oven  at  a temperature  below  60^  C.  The  product  was  a white 
powder,  presumably  free  from  water,  salts  and  vitamines. 

There  is  some  question  as  to  the  necessity  of  the  long 
refluxing  process.  Hopkins'^  and  Funk'^  found  that  very  small 
amounts  of  milk  contained  a relatively  large  proportion  of  water- 
soluble-B.  This  point  was  first  questioned  by  Osborne  and  Mendel^^ 
in  1918.  Their  deductions  were  so  much  at  variance  with  those  of 
the  earlier  writers  that  it  was  considered  advisable,  at  the  time 
this  work  was  begun,  to  reflux  the  casein  with  absolute  alcohol  in 
order  to  effect  the  complete  removal  of  any  water-soluble-B;  and 


39.  Hopkins,  F.  G. : J.  Physiol.,  1912,  4^,  425. 

40.  Funk,  C.t  Biochem.  J.,  1913,  211. 

41.  Osborne,  T.  B. , and  Mendel,  L.  B.:  J.  Biol.  Chem. , 1918,  54. 

537. 
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this  was  carried  out  for  each  lot  of  casein  to  insure  uniform  re- 

suits.  Pi  later  article  by  Osborne,  IWakeman  and  Ferry  ® showed 

that  even  crude  casein  contains  little  or  no  water-soluble-B,  and 

43 

Osborne  and  Mendel  have  since  published  data  which  prove  that 

milk  itself  contains  very  little  of  that  vitamine. 

The  method  described  above  proved  inadequate  for  making 

large  amounts  of  casein  with  the  facilities  at  hand.  Hence  another 

process  was  used  for  most  of  the  experiment.  Commercial  casein. 

Baker's,  was  washed  with  dilute  acetic  acid  and  with  distilled  water 

44 

for  seven  or  eight  days,  according  to  the  method  used  by  McCollum. 

It  was  then  triturated  twice  with  95*^  alcohol,  refluxed  for  twelve 
hours  with  absolute  alcohol,  and  dried.  There  seemed  to  be  no  dif- 
ference, physiologically,  between  the  caseins  prepared  in  these  two 
ways.  Steenbock^^  found  cold  95^  alcohol  an  excellent  solvent  for 
fat-soluble -A,  so  the  double  trituration  as  well  as  the  long  reflux- 
ing were  counted  on  to  remove  it.  Enough  casein  was  added  to  the 
ration  to  bring  the  total  protein  to  18^, 

b.  Butter-fat: — The  butter-fat  was  prepared  by  melting 


42.  Osborne,  T,  B.,  Wakemau,  A.,  and  Ferry,  E.  L.:  J.  Biol.  Chem., 

1919,  35. 

43.  Osborne,  T.  B.,  and  Mendel,  L.  B.:  J.  Biol.  Chem.,  1920,  41. 

515. 

44.  McCollum,  E.  V.:  J.  Biol.  Chem.,  1915,  23,  231. 

45.  Steenbock,  H. : J.  Biol.  Chem.,  1930,  42,  131. 
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fresh  unsalted  butter  at  60°  C.  and  filtering  thru  a jacketed  fun- 
nel. It  formed  5“^  of  the  diet. 

c.  Salt  Mixture: — The  salt  mixture  was  made  up  according 
to  the  Osborne  and  Mendel^  formula  and  was  added  as  4^  of  the  diet. 

d.  Yeast : — The  yeast  was  supplied  by  a Chicago  brewing 
company.* *  For  a few  experiments  ,5fc  was  used,  but  this  was  soon 
increased  to  2^.'^'^ 

2.  Preparation  of  Sweet  Potato . 

In  preparing  the  sweet  potatoes  an  attempt  was  made  to 
hasten  the  process  of  drying  and  at  the  same  time  to  prevent  a loss 
or  depletion  of  vitamines  due  to  overheating.  Virginia  sweet  po- 
tatoes, all  from  the  same  shipment  were  thoroly  washed  and  decaying 
portions  removed.  They  were  then  ground  in  a meat  chopper,  spread 
in  thin  layers  on  large  trays,  and  dried  xmder  an  electric  fan  at 
a temperature  of  35°  C.  The  dry  product  was  ground  to  a powder 
in  a corn  mill. 

Starch  was  not  added  to  the  diet  as  the  sweet  potato  has 
a sufficiently  high  starch  content  to  furnish  adequate  carbohydrates 


46.  Osborne,  T.  B.,  and  Mendel,  L.  B. : J.  Biol.  Chem, , ISIS,  57 . 

572. 

* We  are  indebted  to  the  Schoenhofer  Brewing  Co.  for  the  dried 
yeast  used  in  these  experiments. 

47.  Osborne,  T.  B. , and  Mendel,  L.  B. : J.  Biol.  Chem.,  1S17,  31, 

149. 
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3.  Care  of  Experimental  Animals. 

The  rats  were  kept  in  wire  cages  set  on  pans  of  sawdust, 
the  cage  being  large  enough  to  permit  of  exercise.  Shredded  paper 
was  used  for  bedding,  and  the  paper  and  sawdust  were  changed  once 
a week  or  oftener  if  necessary.  Young  rats  of  50-60  grams  were 
used  for  all  except  the  first  set  of  experiments,  and  when  put  on 
the  various  diets  were  uniformly  slender,  active  and  eager  for  food. 
Food  was  offered  to  the  experimental  animals  in  heavy  glass  sponge 
cups  which  they  could  not  upset.  More  food  than  they  could  use 
was  given  at  each  feeding.  Only  small  amo\ints  of  food  were  left 
over,  and  this  residuum  was  not  weighed.  Glass  dishes  were  chosen 
as  being  easily  cleaned,  heavy,  and  of  a suitable  shape  to  prevent 
scattering  of  food.  Distilled  water  was  used  exclusively  for  the 
rats  on  experimental  diets. 

The  breeding  rats  were  fed  a mixed  diet  of  milk,  grains 
and  a dog-biscuit.  The  litters,  after  weaning,  were  given  the 
same  food  until  50-60  grams  in  weight,  when  they  were  put  on, a 
special  diet.  The  experimental  animals  were  segregated  as  the 
time  available  did  not  suffice  for  the  rearing  of  young  from  these 
rats.  In  only  one  case  [Chart  15]  did  a female  on  experimental 
diet  give  birth  zo  a litter.  The  young  all  died  or  were  bom  dead, 
and  the  mother  devoured  most  of  them.  Since  it  is  a generally 
accepted  fact  that  young  rats  will  often  kill  and  eat  their  first 
litter,  the  eating  of  the  offspring  in  the  above  case  may  be  at- 
tributed .to  the  age  of  the  mother  (97  days)  rather  than  to  the 

diet  which  had  proved  fully  adequate  for  growth.  One  of  the  rats 


r;' 


-23- 


on  a normal  diet  (92  days  old),  which  was  being  used  as  a control, 
aoted  in  much  the  same  manner  with  her  first  litter,  though  the 
next  litter  was  entirely  normal  and  healthy. 

In  order  to  show  the  inadequacies  of  the  different  diets, 
the  rats  were  weighed  twice  a week.  Changes  in  appearance  were 
noted  daily,  particularly  the  condition  of  the  hair,  ears,  nose 
and  tail,  any  defects  in  posture,  or  signs  of  decreased  vitality. 
The  gait  of  the  rat  as  it  crossed  the  pen  was  often  as  indicative 
of  malnutrition  as  any  other  symptom.  Dead  animals  were  weighed 
and  then  autopsied,  to  detect  seepage  from  the  intestines,  the 
presence  of  pleural  fluid,  and  underdevelopment  of  the  generative 
organs . 
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V. 

RESULTS 

A.  EXPERIMENTAL  OBSERVATIONS. 

1,  Effect  of  Diets  on  Growth. 

The  control  rats  were  kept  on  a mixed  diet.  Their  most 
rapid  growth  occurred  during  the  first  thirteen  or  foxirteen  weeks 
of  life,  and  after  that  time  there  was  slower  but  continued  gain 
in  weight  [Chart  l]  . For  the  first  set  of  experiments  animals 
weighing  about  40  grams  were  given  sweet  potato  as  the  sole  source 
of  protein,  salts,  vitamines  and  energy.  The  rats  declined  in 
weight  immediately,  and  all  died  within  30-50  days.  Later  on, 
older  rats  weighing  about  100  grams  were  put  on  the  same  diet . 

The  contrast  in  results  was  marked.  There  was  a sharp  drop  in 
weight  during  the  first  week,  after  which  the  decline  was  so  slow 
as  to  approximate  maintenance  in  one  case.  (Rat  27,  Chart  2.] 

One  of  the  rats  died  after  being  on  a sweet  potato  diet  for  65  days. 
Another  was  killed  at  the  end  of  eleven  weeks  because  of  his  ema- 
ciated and  feeble  condition.  The  slower  decline  of  the  older  rats 
may  be  explained  by  the  fact  tnat  they  possessed  greater  reserves 
of  body  tissue  upon  which  to  draw.  All  the  rats  on  a diet  limited 
to  sweet  potato  showed  the  same  symptoms  just  before  death.  They 
were  greatly  emaciated,  with  rough  hair,  sunken  and  usually  sore 
eyes,  a scabby  nose,  ringed  tail,  very  pale  ears,  and  the  character- 
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istio  hump-backed  gait  of  intestinal  disorders.  In  addition,  they 

suffered  from  a destruction  of  lung  tissues,  and  in  the  older  rats 

whose  life  was  so  much  prolonged,  there  was  very  little  of  the 

lung  tissue  left,  tout  much  pleural  fluid.  Rat  27  had  the  erected 

48 

penis  mentioned  toy  Denton  for  two  weeks  before  he  was  killed. 

The  generative  organs  were  undeveloped. 

Another  set  of  rats  was  kept  on  a sweet  potato  diet  for 
three  weeks,  during  which  time  there  was  steady  decline  in  weight. 
Four  were  then  given  casein  with  the  sweet  potato,  and  two  others 
were  put  on  a normal  mixed  diet.  fChart  3].  With  the  addition 
of  casein  the  growth  was  much  better  for  a time,  tout  the  growth 
on  this  diet  was  not  as  rs-pid  as  that  shown  toy  the  rats  which  had 
been  put  back  on  a normal  diet.  This  seemed  to  show  that  protein 
was  a necessary  supplement  to  the  sweet  potato  tout  not  the  only 
one . 

Rats  whose  diet  during  the  whole  period  consisted  of 
sweet  potato  and  casein  maintained  their  weight  and  even  made 
slight  gains,  tout  there  was  not  normal  growth.  [Chart  4[]  . 

The  addition  to  a sweet  potato  diet  of  salts,  butter  or 
yeast,  singly  or  in  all  the  possible  combinations  [Charts  5,  6,  7, 
8,  9,  10]  , gave  the  same  type  of  c\irve  as  the  diet  of  sweet  potato 
alone.  In  this  series  the  diets  without  yeast  seemed  a little 
less  adequate  than  the  others  QChart  9]  , possibly  due  to  the  fact 
that  the  yeast  proteins  may  have  acted  as  supplements  in  diets 


48.  Denton,  M.,  and  Kohman,  E.  : J.  Biol.  Chem.,  1818,  249. 
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including  this  adjunct.  The  symptoms  of  distress  were  most  marked 
in  diets  containing  neither  yeast  nor  casein.  That  the  yeast  pro- 
teins are  from  76-83^0  available  in  rat  nutrition  has  been  shown  by 
Osborne  and  Mendel.^® 

The  foregoing  experiments  indicated  the  need  for  the  ad- 
dition of  adequate  proteins  to  a sweet  potato  diet.  As  normal 
growth  was  not  obtained  with  casein  and  sweet  potato  alone,  other 
combinations  were  tried. 

A diet  of  sweet  potato,  casein  and  yeast  [^Chart  ll]  , 
proved  no  more  adequate  than  the  mixture  of  sweet  potato  and  casein, 
suggesting  that  it  is  not  water-soluble-B  in  which  the  sweet  potato 
is  deficient. 

The  supplementing  of  sweet  potato  and  casein  with  butter 
[Chart  is]  or  butter  and  yeast  [Chart  13]  gave  somewhat  better 
curves.  That  this  result  was  not  due  to  £iny  lack  of  f at-soluble-A 
in  the  potato  is  shown  by  later  experiments  £Chart  lb]  . That 
the  improved  growth  was  not  due  to  the  substitution  of  a high  calor- 
ie diet  for  one  low  in  calories  is  shown  by  the  fact  that  normal 
growth  was  obtained  on  a diet  containing  no  added  fat  LChart  14]. 

It  seems  probable  that  the  slight  improvement  in  growth  may  have 
been  due  to  an  increased  palatability  of  the  mixture. 

With  sweet  potato,  casein  and  salts  LChart  14]  a normal 
growth  curve  was  obtained,  while  the  addition  of  butter  [Chart  lb], 
yeast  LChart  1?]  or  butter  and  yeast  EChart  16]  to  this  diet  did 

49.  Osborne,  T.  B. , and  Mendel,  L.  B. : J.  Biol.  Chem. , 1919,  38, 
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not  improve  it.  In  fact,  the  curves  were  a little  below  normal 
when  other  materials  were  added  to  the  "complete"  diet  of  sweet 
potato,  casein  and  salts. 

2.  Clinical  Symptoms. 

Observations  of  the  clinical  symptoms  of  the  rats  on 
inadequate  diets  constituted  the  basis  for  determining  the  specific 
inadequacies  of  the  food. 

a.  Sore  Eyes: — Investigators  have  been  accustomed  for 
some  time  to  associate  the  soreness  of  the  eyes  known  as  xerophthal- 
mia with  the  state  of  malnutrition  resulting  from  a lack  of  "fat- 

50 

soluble  A".  Bulley,  on  the  contrary,  makes  a definite  distinc- 
tion between  real  xerophthalmia  and  the  condition  brought  about  by 
the  absence  of  the  fat-soluble  vitamine  in  the  diet.  She  states 
that  this  latter  result  is  due  to  unsanitary  conditions  in  the  care 
of  the  animals  and  an  increased  susceptibility  to  infections  as  the 
result  of  malnutrition.  She  also  claims  that  the  condition  may  be 
Completely  cured,  with  boraoio  acid  treatments.  Drummond^l  has 
remarked  that  with  an  inadequate  supply  of  "fat-soluble  A"  there 

is  a lowering  of  resistance  to  disease,  but  an  absence  of  character- 

52 

istic  pathogenic  lesions.  This  is  confirmed  by  Emmet  and  Luros. 

On  the  other  hand.  Harden  and  Zilva^^  and  Osborne  and  Mendel^'* 


50.  Bulley,  E.  C.:  Biochem.  J.,  191S,  103. 

51.  Drummond,  J.  C.:  Biochem.  J.,  1919,  95. 

52.  Emmet,  A.  D. , and  Luros,  L.:  J.  Biol.  Chem. , 1920,  liii. 

53.  Harden,  A.,  and  Zilva,  S.  S.:  Biochem.  J.,  1918,  408. 

54.  Osborne,  T.  B. , and  Mendel,  L.  B.:  J.  Biol.  Chem.,  1920,  549. 
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found  that  xerophthalmia  always  occurred  on  a diet  free  from  this 
vitamine,  even  when  the  conditions  were  most  sanitary.  The  latter 
authors  suggest  that  Bulley  is  referring  to  keratomalacia,  or  xerot- 
ic keratitis. 

In  the  experiments  with  sweet  potato  the  growth  curves 
indicated  no  lack  of  fat -soluble-/,,  but  it  has  been  a very  common 
thing  for  sore  eyes  to  develop  among  the  rata  on  diets  deficient 
in  protein.  With  one  exception,  all  the  rats  on  a diet  of  sweet 
potato  alone  had  developed  a soreness  of  the  eyes  at  the  end  of 
the  period.  In  fact  the  sore  eyes  usually  were  in  evidence  several 
weeks  before  death  occurred.  This  was  not  xerophthalmia,  however, 
as  the  eyes  were  sunken  rather  than  protruding,  and  showed  a con- 
junctivitis. Typical  xerophthalmio  rats  show  a slightly  btilging 
eyeball,  with  the  lids  drawn  almost  shut  over  it.  No  cases  of 
xerophthalmia  developed  in  any  of  these  experiments.  Hence,  one 
of  Bulley' s premises,  that  malnutrition  induces  susceptibility  to 
infection  of  the  eyes,  has  been  substantiated  in  these  experiments. 
As  the  animals  were  kept  under  highly  sanitary  conditions,  and  none 
of  them  showed  evidences  of  parasites,  that  factor  can  be  eliminated 
from  a consideration  of  the  results  obtained. 

b.  Bloating; — Bloating  is  of  common  occurrence  where  there 
is  a la<3c  of  adequate  proteins.  The  so-called  war-edema  found  in 
some  of  the  devastated  districts  of  Europe  and  the  Near  East  after 
the  war  is  a concrete  illustration,  on  a large  scale,  of  this  fact, 
tho  the  diets  causing  this  edema  were  lacking  in  other  substances 
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beaidea  protein.  Denton^^  haa  deacrlbed  a bloating  or  dropay  which 
occurred  on  a too-limited  diet  of  carrota. 

When  aweet  potato  waa  uaed  aa  the  aole  aource  of  protein 
in  the  diet,  there  waa  a great  deal  of  bloating,  eapeoially  on  the 
diet  of  aweet  potato  and  aalta.  In  one  of  the  rats  {^Number  48, 
Chart  b"!  a real  edema  developed  over  the  head,  cheat  and  abdomen. 

On  autopsy  the  infiltrated  tissue  over  the  sternum  proved  to  be 
one-quarter  of  an  inch  thick,  and  ;)elly-like  in  consistency.  Other 
rats  developed  an  edematous  condition  over  the  head  and  sternum 
at  one  time  or  another,  and  considerable  bloating  of  the  peritoneum 
and  abdomen,  but  in  no  others  was  it  so  extreme  a condition  as  in 
the  case  cited.  As  has  been  aaid  before,  the  conditions  were 
slightly  better  when  yeast  was  part  of  the  casein-free  diet,  proba- 
bly due  to  the  proteins  of  the  yeast.  The  frequent  bloating  de- 
scribed  by  Steenbock  on  a diet  of  60^  sweet  potato,  made  nearly 
adequate  by  the  acidition  of  suitable  protein,  salts,  etc.,  was  not 
observed  in  cases  where  the  sweet  potato  formed  72-80fo  of  the  diet. 
Bloating  was  always  accompanied  by  large  amounts  of  peritoneal 
fluid. 

0,  Lung  Complications t —In  numerous  cases,  particularly 
on  inadequate-protein  diets,  the  lungs  were  pale,  inf arc  ted  or 
partly  destroyed,  and  the  cavity  filled  with  clear  lymph  fluid. 


55.  Denton,  M. , and  Kohman,  E.:  J.  Biol.  Chem.,  1918,  249. 

56.  Steenbock,  H. : J.  Biol.  Chem.,  1919,  501. 
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d.  Extreme  Cases: — The  most  extreme  cases  showed  an  over- 
flow of  yellowish  liquid  from  the  mouth,  making  a moist  yellow 
streak  from  chin  to  anus,  as  was  earlier  observed  by  Denton. 

Just  before  death  the  back  became  very  arched,  the  lower 
jaw  was  drawn  back  and  down,  and  the  animals  seemed  to  see  poorly 
even  when  there  was  no  infection  of  the  conjunctiva.  The  whole 
body  showed  extreme  feebleness  and  emaciation,  so  that  the  rats 
could  hardly  lift  their  heads  to  the  top  of  a two-inch  feeding 
dish.  Most  of  them  died  in  coma,  but  one,  at  least,  in  feeble 
convulsions. 

B.  DISCUSSION  OF  RESULTS. 

The  results  of  these  experiments  seem  to  justify  certain 
conclusions.  In  the  interpretation  of  these  results,  however, 
allowance  must  be  made  for  the  fact  that  there  were  only  a few 
animals  on  each  experimental  diet,  and  that  the  duration  of  the 
experiments  was  necessarily  limited.  Nevertheless  some  deductions 
may  be  made,  from  a consideration  of  the  charts.  The  deficiency 
of  the  sweet  potato  in  adequate  proteins  and  salts,  and  the  ade- 
quacy of  its  vitamines  are  observations  which  are  in  accord  with 
the  results  obtained  by  Steenbock,  to  whose  work  reference  has  been 
maide. 


57.  Denton,  M. , and  Kohman,  E.:  J.  Biol.  Chem.,  1918,  249. 
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VI. 

CONCLUSIONS 

The  results  of  this  series  of  experiments  on  the  nutritive 
adequacy  of  the  sweet  potato  seem  to  justify  the  following  conclu- 
sions. 

1.  The  protein  requirement  for  growth  is  fulfilled  if 
enough  casein  he  added  to  the  ration  to  bring  the  total  protein  up 
to  18'^  of  the  diet. 

2.  The  nature  of  the  carbohydrates  in  the  sweet  potato 
is  not  apt  to  cause  intestinal  fermentation  in  rats  if  the  diet 
is  otherwise  physiologically  correct. 

3.  A salt  mixture,  which  formed  4^  of  the  total  food, 
supplied  sufficient  salts  for  growth,  while  the  sweet  potato  alone 
was  inadequate  in  minerals  even  tho  prepared  with  the  skin  and  there 
fore  the  total  mineral  content  included. 

4.  When  70^  to  100^  sweet  potato  was  used  it  supplied 
f at-soluble-A  and  water-soluble-B  to  the  diet  in  fully  adequate 
amount  s . 

5.  Since  the  sweet  potato  contains  an  adequate  supply  of 
vitamins,  since  its  carbohydrates  are  in  a highly  palatable  form, 
and  since  it  is  extensively  produced  and  easy  to  obtain,  it  is  to 
be  recommended  as  a general  substitute  for  other  starchy  foods. 
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VII. 

CHARTS 

1.  Normal  rate,  mixed  diet,  combined  curves. 

3.  Sweet  potato  diet. 

3.  Sweet  potato  to  sweet  potato,  casein  diet:  to 

normal  diet. 

4.  Sweet  potato,  casein  diet. 

5.  Sweet  potato,  salts  diet. 

6.  Sweet  potato,  butter  diet. 

7.  Sweet  potato,  yeast  diet. 

8.  Sweet  potato,  salts,  yeast  diet. 

9.  Sweet  potato,  salts,  butter  diet:  sweet 

potato,  salts,  butter,  yeast  diet. 


10. 

Sweet 

potato. 

but  te  r , 

yeast  diet. 

11. 

Sweet 

potato. 

casein. 

yeast  diet. 

12. 

Sweet 

potato. 

casein. 

butter  diet. 

13. 

Sweet 

potato. 

casein. 

butter,  yeast 

diet . 

14. 

Sweet 

potato. 

casein. 

salts  diet. 

15. 

Sweet 

potato. 

casein. 

salts,  butter 

diet . 

16. 

Sweet 

potato. 

casein. 

salts,  butter 

, yeast 

17. 

Sweet 

potato. 

casein. 

salts,  yeast 

diet . 

18.  Normal  rats. 

19.  Normal  rats. 


20.  Normal  rats. 


ini> 

* ^ •'  ■ /•’*" 
-UC  - 


• r 

> «.  t’ 

. l .cfo:./:  I.a^*c:' 

] . r t.p  ori?JC*q. 

j ’ ■ • -■ -i#  .gijjetibq  oy  <^ntO<4  5‘<?sivCi' 

.it^lij  Xjyc^on 

; .t-;>J:b  aXo^oSC  ^otB&o<:l  cfosTS 

> 

/ ,cj-s^oq 

‘ -2f»ic  'JiBiJL'd  ,0^a^^'q  ?<5:--.vC 

I . - 5-d i 1)  , Oi-J3  f ijq  .1  tij  yv •'• 

...» 

. vXd  Xaji  ,ojja:i'<>q.  Si3&%<S 

v>  : .,  -.h  ,cj‘Sv  ‘xi 


. ; ' • jD  »■  aa3AJ 

^.  ie.j  c.i-A.-'n 

^ C*  ^ .V.'. 

t Ai  ©**  a D 

,c  jAJOq 

V . i ' ' ' 

.wj^i-  icrirjifq 

•i 

.to/>!dy. 

«oiA^ccr 

f yiyjvS 

' . ^ ■ fcifX*o 

.niaaiio . 

t0j3;^o-q 

' J-  »'^wt 

telt  rb^ ihd  ,oi Isu 

,-'ricteao 

« of ar.o:? 

« • -'  ■ ' 

■cBV 

\ 

; ni  an  AO. 

.OTafCKi 

j 

f eoT-iu 

(fftjgev 

. fjo^rrol' 


-33- 


21.  Breeding  rats. 

22.  Breeding  rate. 

23.  Breeding  rats. 
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